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$\phi$ $::=x_{1}\sim d|x_{1}-x_{2}\sim d|c\sim d|\phi_{1}\wedge\phi_{2}|$ true


















$\langle L,$ $l_{0},$ $X,$ $C,$ $I$ , Flow, Act, $T,$ $T_{init},$ $T_{end}\rangle$. $L$ .. $l_{0}\in L$ .. $X$ .. $C$ .. $\phi$
$I:Larrow\Phi(X\cup C)$ ..
$Flow=\{flowx\}\cup$ { $f$ lowc}. $f$lowx :
$Larrow F(X)$ , flowc: $Larrow F(C)$
- $\phi\in\Phi$












. $T_{end}\subseteq L\cross\Phi\cross Act_{out}$ $(l, \phi, a)$






$1$. $T\subseteq L\cross\Phi\cross Act\cross 2^{X}\cross L$ .




- $l,$ $l’\in L$
- $\phi\in\Phi$
- $a\in Act_{out}$
ﬄJ 1 ( )
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- $H_{2}$ $Crt_{-}H_{2}$? $Dst_{-}H_{2}!$
$L_{H_{1}}^{*}$ $L_{H_{1}}$
$l_{0H_{1}}$ $Dst_{-}H_{2}$ ?
- $H_{2}$ $Crt_{-}H_{2}$? $Dst_{-}H_{2}!$
$Crt_{-}H_{2}$?
$Dst_{-}H_{2}!$
$L_{H_{1}}^{*}=L_{H_{1}}$ .. $l_{0H_{1}||H_{2}}=l_{0}^{*}$ . $l_{0}^{*}$ $l_{0H_{1}}\in L_{H_{1}}^{*}$
$l_{0}^{*}=\{l_{0H_{1}}, l_{0H_{2}}\},$ $l_{0H_{1}}\not\in L_{If_{1}}^{*}$ $l_{0}^{*}=l_{0H_{1}}$
1: $|$. $X_{H_{1}||H_{2}}=X_{H_{1}}\cup X_{H_{2}}$ .
$\circ C_{H_{1}||H_{2}}=C_{H_{1}}\cup C_{H_{2}}$ .
$H_{1},$ $H_{2}$ . $I_{H_{1}||H_{2}}=I^{*}$ . $I^{*}$ $L_{lf_{1}}^{*}$
$H_{3},$ $H_{4},$ $H_{5}$
$H_{3},$ $H_{4},$ $H_{5}$
$I^{*}=I_{H_{1}}\cap I_{H_{2}}$ , $L_{H_{1}}^{*}$ $F$ $I^{*}=I_{H_{1}}$




2 . $Act_{H_{1}||H_{2}}$ $=$ $(Ac_{d}t_{H_{1}} \backslash Act_{inoutH_{1}})$ $\cup$
$H_{1},$ $H_{2}$ $H_{1}||H_{2}$ $H_{1}||H_{2}$ $=$ $(Act_{H_{2}} \backslash Act_{in}$ $utH_{2})$ $\cup$ $Act_{\tau H_{1}||H_{2}}$ .
$\langle L_{H_{1}}||H_{2},$ $l0H_{1}|$ I $H_{2},H_{1}||H_{2},||H_{2},$ $IH_{1}|$ I $H_{2}$ , $Act_{inoutH_{1}},$ $Act_{inoutH_{2}}$
$Flow_{H_{1}}||H_{2},H_{1}||H_{2},H_{1}||H_{2},initH_{1}||H_{2},endH_{1}||H_{2}$
$H_{2}$
. $L_{H_{1}||H_{2}}=L_{H_{1}}^{\overline{*}}\cup(L_{H_{1}}^{*}\cross L_{H_{2}})$ . $L_{fi_{1}}^{*}$ $Act_{\tau H_{1}||H_{2}}$
17
. $T_{H_{1}||H_{2}}\subseteq L_{H_{1}||H_{2}}\cross\Phi_{H_{1}||H_{2}}\cross Act_{H_{1}||H_{2}}\cross$
$2^{X_{H_{1}||H_{2}}}\cross L_{H_{1}||H_{2}}$ . $\Phi_{H_{1}||H_{2}}=\Phi_{H_{1}}\cup$
$\Phi_{H_{2}}.2^{X_{H_{1}||H_{2}}}$ $=2^{X_{H_{1}}\cup X_{H_{2}}}$
$t$ 2 $(l_{H_{1}}, \phi_{H\text{ }}, a_{H_{1}}, \lambda_{H_{1}}, l_{H_{1}}’)$
$(l_{H_{2}}, \phi_{H_{2}}, a_{H_{2}}, \lambda_{H_{2}}, l_{H_{2}}’)$
- $l_{H_{1}},$ $l_{H_{1}}’$ $\in$ $L_{H}^{\overline{*}}$ . $t$ $=$
$(l_{H_{1}}, \phi_{H_{1}}, a_{H_{1}}, \lambda_{H_{1}}, l_{H_{1}}’)$ . 2:
- $l_{H_{1}},$ $l_{H_{1}}’\in L_{H_{1}}^{*}$
$*a_{H_{1}}\in Act_{\tau H_{1}}$ $H_{2}$ $a_{H_{1}}\in$




$((l_{H_{1}}, l_{H_{2}}), \phi_{H_{1}}, a_{H_{1}}, \lambda_{H_{1}}, (l_{H_{1}}’, l_{H_{2}}))$ .
- $a\in Act_{\tau H_{1}||H_{2}}$
$*a_{H_{2}}\in Act_{\tau H_{2}}$ $H_{1}$ $a_{H_{2}}\in$
$Act_{inH_{2}}$ $a_{H_{2}}\in Act_{outH_{2}}$
$t=$
$((l_{H_{1}}, l_{H_{2}}), \phi_{H_{2}}, a_{H_{2}}, \lambda_{H_{2}}, (l_{H_{1}}, l_{H_{2}}’))$ . 2( )
$*a_{H_{1}}\in Act_{inH_{1}}$
1 $H_{1},$ $H_{3}$




$\{A_{1}, (A_{2}, a_{1}), (A_{2}, a_{2}), A_{3}, A_{4}, A_{5}\}$
$a\in Act_{\tau H_{1}||H_{2}}$
$Crt_{-}H_{3}$ , Dst-H3




$-T_{1nit}\subseteq L_{H_{1}||H_{2}}\cross Act_{\tau H_{1}||H_{2}}\cross L_{H_{1}||H_{2}}$ .
$t$ $t=(l_{H_{1}||H_{2}}, a, l_{H_{1}||H_{2}}’)$ 7( )
$q=$
$*l_{-\cdot 1}l’\in L_{H_{1}||H_{2}}$ $(l, \mu, \nu)$. $l\in L$
$*a\in Act_{\tau H_{1}||H_{2}}$ . $\mu$ : $Carrow \mathbb{R}\geq 0$
- $T_{init}\subseteq L_{H_{1}||H_{2}}$ $l_{H_{1}||H_{2}}\in T_{init}$
$\nu$ : $Xarrow \mathbb{R}_{\geq 0}$. $T_{end}$ $\subseteq$ $L_{H_{1}||H_{2}}$ $\cross$ $\Phi_{H_{1}||H_{2}}$ $\cross$ 8( )
$Act_{\tau H_{1}||H_{2}}$ $\cross$ $L_{H_{1}||H_{2}}$ . $t$ $H$ $=$
$t$ $=$ $(l_{H_{1}||H_{2}}, \phi_{H_{1}||H_{2}}, a, l_{H_{1}||H_{2}}’)$ $\langle L,$ $l_{0},$ $X,$ $C,$ $I$ , Flow, Act, $T,$ $T_{init},$ $T_{end}\rangle$
$\mathcal{M}=(Q,$ $\Rightarrow,$ $q_{0}\rangle$
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. $Q$ $q$ $((l_{1}, l_{2}), (\mu_{1}, \mu_{2}), (\nu_{1}, \nu_{2}))\in$
$Q$ $(l_{1}, l_{2})$. $\Rightarrow$ $\Rightarrow\delta$ $\Rightarrow d$
$((l_{1}, l_{2}), \phi, a, \lambda, l_{1}’)\in T$
-
$\mu_{1},$ $\mu_{2},$ $\nu_{1},$ $\nu_{2}$
$\phi$
$(l, \mu_{)}\nu)$ $\in$ $Q$ $\mu_{1}\in I(l’),$ $\nu_{1}’[\lambda:=0]\in I(l_{1}’)$
$t$ $\in$ $\mathbb{R}\geq 0$ $l’$ $=$ $l$ $\mu’$ $=$ $((l_{1}, l_{2}), (\mu_{1}, \mu_{2}), (\nu_{1}, \nu_{2}))\Rightarrow d$
$\mu+flow_{C}(l)t$ $\in I(l)$ $\nu’=\nu+$ $(l_{1}’, \mu_{1}’, \nu_{1}’)$ $Q$ $Q=$
flowx $(l)t\in I(l)$ $\overline{Q}_{1}^{*}\cup(Q_{1}^{*}\cross Q_{2})$ $Q=Q_{1}$




$(l, \mu, \nu)\in Q$
$l$ . $q_{0}\in Q$
$(’ \phi, a, \lambda, l’)\in T$ $\mu,$ $\nu$ $\phi$ $l_{0}$
$\mu\in 1(l’),$ $\nu’[\lambda:=0]\in$ $0$





$\mathcal{M}=\langle Q,$ $\Rightarrow,$ $q_{0}\rangle$ $q_{0}$
$(l_{1}, \phi, a, \lambda, (l_{1}’, l_{2}))$ $\in$ $T$
$\omega=q0\Rightarrow q_{1}\Rightarrow q_{2}\Rightarrow\cdots$
$\mu_{1},$ $\nu_{1}$ $\phi$
$\mu_{1}$ $\in$ $I(l_{1}’),$ $\nu_{1}’[\lambda := 0]$ $\in$ 10 ( )
$I(l_{1}’)$ $(l_{1}, \mu_{1}, \nu_{1})$ $\Rightarrow d$ $H$ $=$
$((l_{1}’, l_{2}), (\mu_{1}’, \mu_{2}), (\nu_{1}’, \nu_{2}))$
$\langle L,$ $l_{0},$ $X,$ $C,$ $I$ , Flow, Act, $T,$ $T_{init},$ $T_{end}\rangle$
$l_{2}$
$L_{target}$ $H$
$\mu_{2},$ $\nu_{2}$ $\mathcal{M}=\langle Q,$ $\Rightarrow,$ $q_{0}\rangle$

















$\psi$ $::=true|x_{1}\sim n|x_{1}-x_{2}\sim n|c_{1}\sim n$ I
$u_{1}c_{1}+u_{2}c_{2}\sim n|x_{1}+u_{1}c_{1}\sim n|-x_{1}+u_{1}c_{1}\sim n$
$u_{1},$ $u_{2}\in \mathbb{Z}\backslash \{0\},$ $x\in X,$ $c_{1},$ $c_{2}\in$











$L\cross \mathcal{U}_{C}\cross \mathcal{V}_{X}arrow L\cross \mathcal{B}$
$\alpha((l, \mu, \nu))(i)=(l, \psi_{1}^{l}\mu, \psi_{i}^{l}\nu)$
$\gamma$ : $L\cross Barrow L\cross\Psi c\cup \mathcal{V}x$
$\gamma((l, b))=\{(l, \mu, \nu)$ $\in L\cross \mathcal{U}_{C}\cross \mathcal{V}_{X}|I(l)\wedge$
$\bigwedge_{i=0}^{n-1}\psi_{i}^{l}\mu\equiv b^{l}(i)\wedge\bigwedge_{i=0}^{n-1}\psi_{\dot{\iota}}^{l}\nu\equiv b^{l}(i)\}$
13( )
$H=\langle L,$ $l_{0},$ $X,$ $C,$ $I$ , Flow, Act, $T,$ $T_{1nit},$ $T_{end}\rangle$
$H^{A}=$
$(Q^{A},$ $q_{0}^{A},$ $\Psi,$ $Act^{A},$ $T^{A},$ $T_{init}^{A},$ $T_{end}^{A}\rangle$
. $Q^{A}=L\cross \mathcal{B}$ .. $q_{0}^{A}=(l_{0}, b_{0}^{l_{O}})$ . $q0\in$
$\gamma(l_{0}, b_{0}^{l_{0}})$
. $\Psi$ .. $Act^{A}=Act$ .. $T^{A}\subseteq Q^{A}\cross Act^{A}\cross Q^{A}$ . $(q^{A}, a, q^{\prime A})$
$a$ $a!,$ $a?,$ $a_{\tau}$

































- $H_{2}^{A}$ $Crt_{-}H_{2}$? $Dst_{-}H_{2}!$
$Q_{H_{1}^{A}}^{A*}$ $Q_{H_{1}^{A}}^{A}$
$q_{0H_{1}^{A}}^{A}$ $Dst_{-}H_{2}$ ?
- $H_{2}^{A}$ $Crt_{-}H_{2}$? $Dst_{-}H_{2}!$
$Crt_{-}H_{2}$?
$Dst_{-}H_{2}!$
$Q_{H_{1}^{A}}^{A*}=Q_{H_{1}^{A}}^{A}$ .. $q_{0H_{1}^{A}|I^{H_{2}^{A}}}^{A}=q_{0}^{A*}$ . $q_{0}^{A*}$ } $q_{0H_{1}^{A}}^{A}\in Q_{H_{1}^{A}}^{A*}$
$q_{0}^{A*}=\{q_{0H_{1}^{A}}^{A}, q_{0H_{2}^{A}}^{A}.\},$ $q_{0H_{1}^{A}}^{A}\not\in Q_{H_{1}^{A}}^{A*}$
$q_{0}^{A*}=q_{0H_{1}^{A}}^{A}$. $\Psi_{H_{1}^{A}||H_{2}^{A}}=\Psi_{H_{1}^{A}}\cup\Psi_{H_{2}^{A}}$ .. $Act_{H_{1}^{A}||H_{2}^{A}}^{A}=(Act_{H_{1}}^{A}\backslash Act_{inoutH_{1}}^{A})\cup(Act_{H_{2}}^{A}\backslash$






. $T_{H_{1}^{A}||H_{2}^{A}}^{A}\subseteq Q_{H_{1}^{A}||H_{2}^{A}}^{A}\cross Act_{H_{1}^{A}||H_{2}^{A}}^{A}Q_{H_{1}^{A}||H_{2}^{A}}^{A}$ .
$t^{A}$ 2 $(q_{H_{1}^{A}}^{A}, a_{H_{1}^{A}}, q_{H_{1}^{A}}^{\prime A})$
$(q_{H_{2}^{A}}^{A}, a_{H_{2}^{A}}, q_{H_{2}^{A}}^{\prime A})$
-
$q_{H_{1}^{A}}^{A},$
$q_{H_{1}^{A}}^{\prime A}$ $\in$ $Q_{H_{1}^{A}}^{\overline{A}*}$
$t^{A}$ $=$
$(q_{H_{1}^{A}}^{A}, a_{H_{1}}A, q_{H_{1}^{A}}^{\prime A})$ .


















$((q_{H_{1}^{A}}, q_{H_{2}^{A}}),$ $a_{H_{2}^{A}},$ $(q_{H_{1}^{A}}, q_{H_{2}^{A}})$ .$A$ $\prime A$
4 $H_{1},$ $H_{3}$ 5






$\{$ ( $A_{1}$ , true), ( $(A_{2},$ $a_{1})$ , true), ( $(A_{2},$ $a_{2})$ , true), ($A_{3}$ , true),
$a_{H_{2}^{A}}\in$ ($A_{4}$ , true), ($A_{5}$ , true) $\}$
$Act_{inH_{2}^{A}}$
$Crt_{-}H_{3},$ $Dst.H_{3}$ $Act_{\tau H_{1}^{A}||H_{3}^{A}}^{A}$
$a$ $\in$ $Act_{\tau H_{1}^{A}||H_{2}^{A}}$
$t^{A}$ $=$




$-T^{A}$ $\subseteq Q_{H^{A}||H^{A}}^{A}\cross Act_{H^{A}||H^{A}}^{A}\cross$ $\langle L,$ $,$ $l_{0},$ $X,$ $C,$ $I,$ $f$ low, Act, $T,$ $T_{lnit},$ $T_{end}\rangle$


















$\nu’$ $\in$ $\mathcal{V}_{X}$ $st$ $((l, \mu, \nu)$
$\in\in$
$\gamma((l, b^{l})))$ $\wedge$ $((l’, \mu’, \nu’)$
$(q_{H_{1}^{A}||H_{2}^{A}}^{A}, a_{H_{1}^{A}||H_{2}^{A}}, q_{H_{1}^{A}||H_{2}^{A}}^{\prime A})$ $\gamma((l’, b^{l’}))).(l, \mu, \nu)\Rightarrow(l’, \mu’, \nu’)$ .
22
$(l_{1}, b^{l_{1}})$ $\Rightarrow^{A}$ $((l_{1}’, l_{2}), (b^{l_{1}’}, b^{l_{2}}))$ $iff$
$\mu_{1},$ $\mu_{1}’,$ $\mu_{2}\in \mathcal{U}_{C},$ $\nu_{1},$ $\nu_{1}’,$ $\nu_{2}\in \mathcal{V}_{X}s.t$ .
$((l_{1}, \mu_{1}, \nu_{1})\in\gamma((l_{1}, b^{l_{1}})))$ A
$(((l_{1}’, l_{2}), (\mu_{1}’, \mu_{2}), (\nu_{1}’, \nu_{2}))\in$
$\gamma(((l_{1}’, l_{2}), (b^{l_{1}’}, b^{l_{2}})))).(l_{1}, \mu_{1}, \nu_{1})\Rightarrow$





$Q_{1}^{\overline{A}*}$ $Q_{1}^{\overline{A}*}=Q_{1}^{A}\backslash Q_{1}^{A*}$ $Q_{2}^{A}$
$((l_{1}, l_{2}), (b^{l_{1}}, b^{l_{2}}))$ $\Rightarrow^{A}$ $(l_{1}’, b^{l_{1}’})$ $iff$
$\mu_{1},$ $\mu_{1}’,$ $\mu_{2}\in \mathcal{U}_{C},$ $\nu_{1},$ $\nu_{1}’,$ $\nu_{2}\in \mathcal{V}_{X}s.t$ .
$(((l_{1}, l_{2}), (\mu_{1}, \mu_{2}), (\nu_{1}, \nu_{2}))$ $\in$
$\gamma(((l_{1}, l_{2}), (b^{l_{1}}, b^{l_{2}}))))\wedge((l_{1}’, \mu_{1}’, \nu_{1}’)$ $\in$
$\gamma((l_{1}’, b^{l_{1}’}))).((l_{1}, l_{2}), (\mu_{1}, \mu_{2}), (\nu_{1}, \nu_{2}))$










$\gamma(\Rightarrow^{A})$ $=$ $\{((l, \mu, \nu), (l’, \mu’, \nu’))$ $\in$
$Q|\exists b^{l},$ $b^{l’}.(l, b^{l})$ $\Rightarrow^{A}$ $(l’, b^{l’})\wedge(l, \mu, \nu)$ $\in$
$\gamma((l, b))\wedge(l’, \mu’, \nu’)\in\gamma((l_{)}b^{l’}))\}$.. $\gamma(\Rightarrow^{A})=$
$\{((l_{1}, \mu_{1}, \nu_{1}), ((l_{1}’, l_{2}), (\mu_{1}’, \mu_{2}), (\nu_{1}’, \nu_{2})))\in Q|$
$b^{l_{1}},$ $b^{l_{1}’},$ $b^{l_{2}}$ .
$(l_{1}, b^{l_{1}})\Rightarrow^{A}((l_{1}’, l_{2}), (b^{l_{1}’}, b^{l_{2}}))\wedge(l_{1}, \mu_{1}, \nu_{1})\in$
$\gamma((l_{1}, b^{l_{1}}))$ $\wedge$ $((l_{1}’, l_{2}), (\mu_{1}’, \mu_{2}), (\nu_{1}’, \nu_{2}))$ $\in$
$\gamma(((l_{1}’, l_{2}), (b^{l_{1}’}, b^{l_{2}})))\}$.. $\gamma(\Rightarrow^{A})=$
$\{(((l_{1}, l_{2}), (\mu_{1}, \mu_{2}), (\nu_{1}, \nu_{2})), (l_{1}’, \mu_{1}’, \nu_{1}’))\in Q|\Rightarrow^{A}$
$b^{l_{1}},$ $b^{l_{1}’},$ $b^{l_{2}}.((l_{1}, l_{2}), (b^{l_{1}}, b^{l_{2}}))$
$(l_{1}’, b^{l_{1}’})$ $\wedge$ $((l_{1}, l_{2}), (\mu_{1}, \mu_{2}), (\nu_{1}, \nu_{2}))$ $\in$
$\gamma(((l_{1}, l_{2}), (b^{l_{1}}, b^{l_{2}})))$ $\wedge$ $(l_{1}’, \mu_{1}’, \nu_{1}’)$ $\in$
$\gamma((l_{1}’, b^{l_{1}’}))\}$ .
17( )




$(L,$ $l_{0},$ $X,$ $C,$ $I,$ Flow, Act, $T,$ $T_{ii}nt,$ $Tend\rangle$ –
$Ltarget$
$H$ $\mathcal{M}^{A}=$ $\langle Q^{A},$ $\Rightarrow^{A},$ $q_{0}^{A}\rangle$
ltarget $\in$ Ltarget
$l_{target}^{A}$
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